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AERATING FARMER STOCK PEANUT

STORAGE IN THE SOUTHEASTERN U.S.

C. L. Butts,  J. W. Dorner,  S. L. Brown,  F. H. Arthur

ABSTRACT. A two-year study was conducted to determine acceptable aeration strategies for farmer stock peanuts stored in
conventional warehouses with and without headspace ventilation. Farmer stock peanuts were stored in 1/10th scale model
warehouses with various aeration and ventilation treatments. Peanuts were loaded into each warehouse in the fall and stored
for about 190 days. Peanuts stored with aeration generally cooled faster than those stored without aeration. Aflatoxin was
detected in the initial samples from the 2002 crop, but aeration significantly reduced the further production of aflatoxin in
storage. Aflatoxin contamination was not a factor in the 2003 storage season. Value change based on kernel size distribution
was not significantly affected by aeration. An aeration rate of 0.31 m3 min−1 t−1 was sufficient for proper aeration when used
without headspace ventilation. The reduced aeration rate of 0.10 m3 min−1 t−1 in conjunction with headspace ventilation
cooled the center of the peanut mass sufficiently to reduce the risk of aflatoxin production in storage. Headspace ventilation
with aeration reduced the temperature difference between the top and bottom layers of peanut during storage.
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eration is the practice of forcing air through a
stored agricultural product to control the temper-
ature and moisture of the bulk, and it is used ex-
tensively in storing small grains in circular bins

with perforated floors. Cottonseed is typically stored in flat
storage, similar to farmer stock peanuts, and is usually aer-
ated. Air is distributed through flat storage using evenly
spaced tunnels in the floor or temporary perforated ducts laid
on top of the floor (Wilcut et al., 2004).

Farmer stock peanuts have been aerated with airflow rates
of 0.1 m3 min−1 m−3 of storage volume (Davidson et al., 1982)
using removable duct laid on the floor. Aeration systems
cooled the stored peanuts faster than headspace ventilation
alone (Smith and Davidson, 1984), but the duct sustained
considerable damage during the unloading process. For this
reason, most aeration systems were abandoned in favor of
headspace ventilation. Most farmer stock peanut warehouses
ventilate the headspace, either mechanically or naturally, to
control moisture and temperature (Smith et al., 1995).
Research showed that approximately 50% of the value loss
of peanuts stored in the southwestern U.S. was due to
excessive moisture loss during storage (Butts and Smith,
1995). As peanut production in Texas moved from central
Texas to the more arid high plains region, new storage
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facilities were constructed. In the mid-1990s, some storage
facilities were constructed in west Texas to store farmer stock
peanuts with in-floor aeration systems with the goal of
reducing shrink during storage due to excessive moisture
loss. The warehouses were aerated by pulling air down
through the peanuts at a rate of 0.31 m3 s−1 t−1 when the
ambient relative humidity was between 60% and 80%
(Blankenship et al., 2000). Moisture loss was less in two out
of three years compared to the historical average in the
southwest (Butts and Smith, 1995).

In the southeastern U.S., most of the peanuts are planted
within the first two to three weeks of May (Culbreath et al.,
2005) to reduce the impact of tomato spotted wilt virus
(TSWV). Prior to the increased prevalence of TSWV, peanuts
were planted from 10 April to 10 May and even into early
June (Henning et al., 1982) depending on soil moisture and
temperature.  Approximately 80% of the runner peanuts
planted in the southeast are of the Georgia Green cultivar.
The narrow planting window coupled with the domination by
a single cultivar significantly narrows the window of
optimum harvest.

Harvest capacity has increased dramatically within the
last ten years so that the peanut crop can be harvested as close
to optimum maturity as possible. Fifteen to twenty years ago,
peanuts would be delivered to a peanut buying facility over
a period of 6 to 10 weeks. A farmer stock peanut warehouse
located at the buying facility would be filled gradually over
that period. However, a peanut buying facility may handle
90% of the surrounding peanut crop in as little as three weeks.
This requires that peanuts be dried, graded, marketed, and
placed in storage within 48 h of leaving the farmer’s field.
This short time is not sufficient for the moisture and
temperature in a 5 to 20 t load of peanuts to equilibrate with
the ambient air conditions. Therefore, when peanuts are
placed in storage, this excess heat and moisture must be
removed to prevent microbial growth and subsequent
aflatoxin contamination during storage.

A
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At the time of farmer marketing, a sample from each load
of peanuts is visually inspected for Aspergillus flavus, the
primary producer of aflatoxin in peanuts. If A. flavus is
observed in the sample, the peanuts are labeled Segregation
III and the price is severely reduced. According to Lamb and
Sternitzke (2001), Segregation III classification costs the
grower segment of the industry an average of $2.5M
annually. The sheller segment of the peanut industry lost
approximately $22.7M annually between 1993 and 1996,
when peanuts were purchased as Segregation I peanuts and
required additional processing after chemical analysis re-
vealed unacceptable levels of aflatoxin (Lamb and Ster-
nitzke, 2001).

Commercial  farmer stock peanut storage operators began
installing aeration systems in new warehouses using the pre-
viously established rate of 0.31 m3 s−1 t−1 with three air deliv-
ery tunnels embedded in the warehouse floor. However, the
question remained as to whether or not a single tunnel down
the middle of the warehouse, directly under the roof ridge and
supplying air at a rate of 0.10 m3 s−1 t−1, was adequate. Based
on experience in aerating other fall crops (Loewer et al.,
1994), concerns in aerating farmer stock peanuts include con-
trolling moisture and temperature, airflow distribution, and
airflow direction (suction or pressure).

OBJECTIVE

The objective of the research presented here was to
determine acceptable aeration strategies for farmer stock
peanuts stored in conventional warehouses with and without
headspace ventilation.

PROCEDURE
WAREHOUSE DESCRIPTION

Four 1/10th scale warehouses measuring 4.3 m long and
2.4 m wide with 0.6 m eave height and a 12:12 roof pitch were
used in the study (Smith et al., 1989). Each warehouse holds
4 t of farmer stock peanuts. The aeration/ventilation regimes
are summarized in table 1.

Warehouses 1 and 2 had only floor aeration systems.
These peanuts were aerated at a rate of 0.31 m3 min−1 t−1 of
peanuts using three perforated ducts spaced evenly across the
width of the warehouse, as shown in figure 1. A small centrif-
ugal fan (model 4C012, Grainger, Albany, Ga.) was attached-
to each duct. The fans were mounted with the inlet attached

Table 1. Aeration and ventilation specifications for tests
conducted in 1/10th scale model peanut warehouses.

Warehouse

1 2 3 4

Warehouse volume (m3) 12.7 12.7 12.7 12.7
Peanut capacity (t) 3.6 3.6 3.6 3.6

Aeration
m3 min−1 t−1 0.31 0.31 0.10 −−
m3 min−1 1.27 1.27 0.43 −−
Number of ducts 3 3 1 0
Airflow direction Down Up Up None

Ventilation
Air change min−1 None None 0.50 0.50
m3 min−1 0.79 0.79

 to the ducts on warehouse 1 so that air was drawn down
through the peanuts. In warehouse 2, the fan outlet was at-
tached to the duct to blow air up through the peanuts. A damp-
er mounted in the duct and a gate over the exposed fan
inlet/outlet  was set so that each fan delivered approximately
0.43 m3 min−1. The total airflow produced by all three fans
was 1.27 m3 min−1. The third warehouse had aeration and
headspace ventilation. The duct system in warehouse 3 was
similar to warehouses 1 and 2, except that only one duct down
the middle of the warehouse was used. The fan was used to
blow 0.1 m3 min−1 t−1 (0.43 m3 min−1) up through the peanuts.
Ducts were sized so that the air velocity was less than the rec-
ommended maximum 10 m s−1 (Loewer et al., 1994). The
perforated surface area of the aeration ducts was designed for
a maximum exit velocity of 0.13 m s−1. The headspace was
ventilated at the recommended rate of one air change of the
headspace volume every 2 min (Smith et al., 1995). The
fourth warehouse had only headspace ventilation at the rec-
ommended rate.

INSTRUMENTATION AND CONTROLS

Each of the model warehouses was instrumented with
thermocouples (ANSI, type T) to measure headspace temper-
ature (Thead), peanut temperature approximately 10 cm
below the surface on the east (Teast) and west (Twest) sides of
the pile, and roof temperature (Troof). Relative humidity in
the headspace (RHhead) was measured using a relative
humidity probe (HMW40, Vaisala, Helsinki, Finland).
Ambient temperature (Tambient) and relative humidity
(RHambient) were measured using a thermocouple (ANSI, 

Figure 1. Aeration duct layout for 1/10th scale model peanut warehouse.
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type T) and a humidity transmitter (HMD60, Vaisala, Helsin-
ki, Finland) mounted in a gill radiation shield 1.5 m above the
ground. All sensors were monitored continuously using a
programmable logic controller (DirectLogic 305, Automa-
tion Direct, Atlanta, Ga.) and associated analog and thermo-
couple input modules. Data were recorded every 30 min.

All fans were controlled using the PLC and were based on
measured temperatures and/or relative humidity. The head-
space ventilation fans were operated according to the
following criteria:

If: Thead > 21.1°C,
Or: RHhead > 80%,
Or: RHhead > 60%      And:    (Thead − Troof) > 7.2°C,
Then: Headspace fan is ON.
Else: Headspace fan is OFF.

The headspace temperature limit of 21°C relates to
optimal temperature for the activity and reproduction of
Indian meal moth, Plodia interpunctella (Hübner), and other
stored product insects (Arthur, 1995). Research has shown
that storing peanuts at a relative humidity greater than or
equal to 80% may lead to excessive mold growth and
potential aflatoxin contamination (Diener et al., 1982).
Diener et al. (1982) also reported that aflatoxin was formed
at low levels in living, immature, or broken seed after 84 days
at 84% relative humidity and 30°C. The final criterion for
turning on the fan was designed to minimize condensation on
the roof and supporting structure. Examination of the
psychrometric chart shows that the dewpoint temperature is
approximately  7.2°C cooler than the dry bulb temperature at
60% relative humidity. These are the same control setpoints
used in previous research by Butts and Smith (1994).

The aeration fans were controlled in two stages. The first
stage was an initial cool down that depended on peanut
[Tpeanut = (Teast + Twest)/2] and ambient air temperatures and
ambient relative humidity, as follows:

If: Tambient < Tpeanut
And: RHambient < 80%,
Then: Aeration fan is ON.
Else: Aeration fan is OFF.

The upper limit on relative humidity was to prevent
excessively moist air from being drawn into the peanuts. The
equilibrium moisture content of peanut kernels at 80%
relative humidity is approximately 10% wet basis (ASAE
Standards, 2002; all moisture contents are presented as wet
basis unless otherwise noted). Most farmer stock peanuts are
placed in the warehouse at average moisture content less than
10%. However, single kernel moisture could be much higher
(Dowell et al., 1993). Therefore, an upper limit of 80%
relative humidity would allow the peanuts to continue to dry
as they are aerated. The aeration fans were operated using the
initial cool down rules for about the first 30 to 60 days of
storage. After the initial cooling phase, a lower limit of 65%
relative humidity was added to prevent overdrying. At 65%
relative humidity, peanuts will equilibrate to approximately
7% moisture content. The rules for aeration fan operation
during the maintenance phase are shown below:

If: Tambient < Tpeanut
And: 65% < RHambient < 80%,
Then: Aeration fan is ON.
Else: Aeration fan is OFF.

SAMPLING AND DATA ANALYSIS
Peanuts were locally produced, dug, harvested, cured, and

marketed according to conventional practice. Peanuts har-
vested from farms within 25 km of Dawson, Georgia, during
2002 and 2003 were graded and marketed according to
conventional practice. Warehouse loading was completed
around the first of October both years. Four loads of farmer
stock peanuts, each weighing approximately 4 t, were
obtained from a local peanut buying facility. Using a
hydraulic dump wagon on portable truck scales, peanuts were
emptied from the wagon into a skid steer loader and
transferred into the model warehouses. Approximately
one-quarter of the peanuts from each load was placed in each
warehouse to simulate the layering and mixing that normally
occurs in commercial warehouses. Each load represented one
of four layers in the warehouse. As peanuts flowed from the
wagon into the loader bucket, 4.5 kg samples were obtained
and placed in mesh bags from each wagon. Three samples
were placed in each warehouse as each new layer was begun,
and three samples were kept to evaluate the initial quality of
peanuts. A total of 12 samples were placed in each warehouse
in 2002. Eighteen samples were placed in each warehouse in
2003. The weight of peanuts placed in each warehouse from
each load was recorded using portable truck scales.

While loading the 2002 crop peanuts, a small data logger
(HOBO Pro H08-032-08, Onset Computer Corp., Bourne,
Mass.) was placed in each of the samples from the first and
fourth layers to record temperature and relative humidity.
Data loggers were placed in one sample bag for each layer
while loading the 2003 crop. These samples were placed in
the center of the warehouse as each layer was completed.

The warehouses were unloaded by hand-transferring
peanuts from the warehouse into portable bins for weighing.
The samples placed in the warehouses during loading were
retrieved, data loggers removed, and peanuts evaluated for
quality. Unloading occurred in the spring to coincide with
typical unloading dates for commercial warehouses.

All peanut samples were cleaned by separating the foreign
material, loose shelled kernels, and pods. The percent foreign
material and loose shelled kernels were determined. The
whole pods were shelled using a Model 4 laboratory peanut
sheller (Davidson and McIntosh, 1973). Size distribution of
the shelled kernels was determined by sizing over slotted
screens. The percent sound mature kernels (SMK), sound
splits (SS), total sound mature kernels (TSMK), other kernels
(OK), and damaged kernels (DK) were calculated based on
screen sizes prescribed by federal-state inspection standards
for runner-type peanuts (USDA, 2000). Kernel moisture
content was measured using an electronic moisture meter
(GAC 2000, Dickey-John, Inc., Auburn, Ill.).

After sizing, peanuts were recombined and evaluated for
aflatoxin contamination. Shelled peanuts were ground in a
vertical cutter mixer (model RSI6Y-1, Robot Coupe USA,
Jackson, Miss.) for 7 min to produce a homogeneous paste.
A 200 g subsample of paste was extracted with 400 mL of
methanol/water  (80:20, v/v), and the extract was filtered
through Whatman No. 4 filter paper. Aflatoxins were
quantified according to the liquid chromatographic method
of Sobolev and Dorner (2002). Briefly, extracts were purified
on a basic, aluminum oxide minicolumn, injected onto a
Nova-PAK C18 column (150 × 3.9 mm; 4 micron; Waters
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Table 2. Summary of weight loaded into and out
of warehouses during the two-year aeration study.

Warehouse

Date1 2 3 4

2002
Load-in[a] (kg) 3398 3548 2970 3725 04 Oct. 02
Unload (kg) 3474 3396 2880 3537 14 Apr. 03

Change (kg) 76 −152 −90 −188 192 days
(%) 2.2 −4.3 −3.0 −5.0

2003
Load-in[a] (kg) 3346 3439 3233 3364 30 Sept. 03
Unload (kg) 3323 3127 3182 3255 05 Apr. 04

Change (kg) −23 −312 −51 −109 187 days
(%) −0.7 −9.1 −1.6 −3.2

Two−Year Average
Load-in (kg) 3372 3494 3102 3545
Unload (kg) 3399 3262 3031 3396

Change[b] (kg) 27 a −232 b −71 ab −149 ab 190 days
(%) 0.8 a −6.7 b −2.3 ab −4.1% ab

[a] Date that loading of layer 4 was completed. Load-in start dates were 17
Sept. 2002 and 26 Sept. 2003.

[b] Means in the same row followed by the same letter are not significantly
different for P < 0.05.

Chromatography, Milford, Mass.), and eluted with a mobile
phase of water/methanol/butanol (1400:720:25, v/v/v). Afla-
toxins were detected with a fluorescence detector (model
RF-551, Shimadzu, Kyoto, Japan) after postcolumn derivati-
zation in a photochemical reactor (Aura Industries, New
York, N.Y.). Individual aflatoxin concentrations were
summed and are presented as total aflatoxin (ng) per g of pea-
nuts.

The loan value of farmer stock peanuts is based on the
percent total sound mature kernels (TSMK) and other kernels
(OK) with deductions for excessive foreign material (FM),
sound splits (SS), and damaged kernels (DK), as shown in
equations 1 to 4 below. In the equations, the grade factor is
rounded to the nearest whole percent prior to calculation:

 DKFMSS DDD$1.54

%OK$5.356%TSMK($/t)valueLoan

−−−×

+×=

 (1)

DSS = 
2%%SS,
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0
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<
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≤
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 (4)

Peanut quality data were analyzed using analysis of
variance for means separation. Because aflatoxin data were
not normally distributed, they were subjected to Kruskal-
Wallis analysis of variance on ranks.

RESULTS AND DISCUSSION
SHRINKAGE

Table 2 summarizes the weights of peanuts loaded into and
out of each warehouse. Over the two-year test, peanuts in
warehouse 1 (downdraft aeration) showed an average in-
crease in weight of approximately 0.8%. The gain was not

Table 3. Summary of peanut quality before and after storage for crop years 2002, 2003, and the two-year average.

Grade Factor[a] At Load-in

After Storage in Warehouse

1 2 3 4

2002 Total sound mature kernels (%) 74.4 a 74.6 a 72.4 b 72.9 b 73.4 ab
Other kernels (%) 3.1 a 1.3 d 2.3 c 2.8 ab 2.5 bc
Damaged kernels (%) 0 a 1.8 bc 2.3 c 1.3 b 1.2 b
Loan value ($ t−1) 400.46 a 389.24 ab 382.15 b 388.62 ab 391.93 ab
Moisture content (% w.b.) 6.1 a 5.9 a 6.1 a 5.5 b 6.0 a
Aflatoxin (ng g−1)[b] 0 a 15 a 22 a 12 a 162 b

2003 Total sound mature kernels (%) 74.1 a 69.1 b 68.8 b 68.6 b 68.5 b
Other kernels (%) 2.2 a 8.3 b 8.3 b 8.4 b 8.2 b
Damaged kernels (%) 0 a 0.3 ab 0.6 b 0.8 b 0.8 b
Loan value ($ t−1) 394.89 a 372.33 b 370.94 b 369.10 b 368.67 b
Moisture content (% w.b.) 5.7 a 5.6 b 5.3 c 5.1 d 5.2 d
Aflatoxin (ng g−1)[b] 0 a 4.9 a 0 a 0 a 0 a

Two−Year Total sound mature kernels (%) 74.2 a 72.4 b 71.0 c 71.2 c 71.5 bc
Average Other kernels (%) 2.7 a 4.1 b 4.7 bc 5.0 c 4.8 bc

Damaged kernels (%) 0 a 1.2 bc 1.6 c 1.1 b 1.0 b
Loan value ($ t−1) 397.68 a 382.48 b 377 67b 380.81 b 382.63 b
Moisture content (% w.b.) 5.9 a 5.7 ab 5.8 ab 5.4 c 5.6 b

[a] Quality factors in the same row followed by the same letter are not significantly different for P < 0.05.
[b] Median aflatoxin concentrations tested for significant differences using Kruskal-Wallis one-way ANOVA on ranks.
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accounted for by gains in moisture content (table 3), as the mois-
ture content of the samples did not change significantly during
the storage period in either year. The moisture content of the
samples is probably not indicative of the moisture content of the
peanuts in the warehouses. Samples were stored on a pallet in
ambient conditions for approximately three weeks before shel-
ling; therefore, the moisture content is more indicative of sam-
ple storage conditions. The 2% gain for the 2002 crop was
probably due to an infestation of ants building a large mound in
the south end of the building and its weight being included in
the bailout weight. Since the infestation did not involve the sam-
ples initially placed in storage, this added foreign material was
included in the unloading weight. Warehouses 2, 3, and 4 aver-
aged 6.7%, 2.3%, and 4.1% loss in weight, respectively.

PEANUT QUALITY
During the two-year study, the peanut kernel size

distribution changed during storage (table 3). TSMK are
undamaged whole kernels and kernel halves that ride a
prescribed slotted (whole kernels) or round (halves) screen
and are marketed as edible peanuts. TSMK is the predomi-
nant factor in determining the value of a load of peanuts
(eq. 1). Generally, as the moisture decreases from the initial
purchase, kernel size will decrease and more peanuts will fall
through the screen used to determine TSMK, thus reducing
their value. On average, peanuts stored in all four warehouses
had significant decreases in TSMK when compared with the
initial percent TSMK. Percent TSMK decreased the least to
72.4% in warehouse 1 (downdraft aeration) from the original

74.2%. TSMK decreased to 71.0% and 71.2% in ware-
houses 2 (updraft aeration) and 3 (aeration + ventilation),
respectively. The decrease of TSMK stored in warehouse 4
(ventilation only) was similar to that of peanuts stored in
warehouse 1. OK are whole and broken kernels that fall
through the prescribed-size slotted screen and when com-
bined with the damaged kernels are crushed for oil. Percent
OK is expected to increase during storage because of physical
shrinkage of the kernels as peanuts equilibrate to lower
moisture contents, and percent OK should increase propor-
tional to the decrease in TSMK. The two-year average
showed that percent OK increased by about two percentage
points in all four warehouses compared with the initial
sample. Peanuts stored in warehouse 1 had the smallest
increase in percent OK to 4.1%, percent OK in warehouse 3
increased to 5.0%, and percent OK increased to 4.7% and
4.8%, respectively, in warehouses 2 and 4. DK increased in
all four warehouses.

Data from both years showed a numerical decrease in
value during storage. However, in 2002, only the peanuts in
warehouse 2 showed a significant change in value from the
initial value. During 2003, the decrease in value for all four
warehouses was significant. There was no significant
difference in value among warehouses in either year. Over
the two-year period, the stored peanuts lost an average of
4.6% of their original value, and the loss ranged from 4.2%
in warehouse 1 to 5.3% in warehouse 2.

According to outgoing quality standards (USDA, 2005),
peanuts are considered free from aflatoxin if aflatoxin

Figure 2. Percent of peanut samples with various levels of aflatoxin concentration after storage for crop years 2002 and 2003.
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concentration is 15 ng/g or less. If the aflatoxin level is
300 ng/g or less, then the peanuts can be reprocessed in an ef-
fort to meet the edible quality standard. If aflatoxin is greater
than 300 ng/g, then they must be crushed for oil or destroyed.
Based on these data, peanuts from the 2002 crop stored in
warehouse 4 would have needed considerably more process-
ing to make them suitable for the edible market.

Aflatoxin was below detectable limits in all but one of the
initial peanut samples in both years of the study. A large
number of the samples from all four warehouses had less than
1 ng/g aflatoxin after storage for both crop years. Standard
analysis of variance tests were invalid because the data were
not normally distributed (fig. 2). A Kruskal-Wallis one-way
analysis of variance on ranks was used to detect significant
difference in the median aflatoxin levels.

In the initial samples from the 2002 crop, one sample had
an aflatoxin concentration of 0.7 ng/g. During storage, slight
numerical,  but non-significant, increases in aflatoxin were
noted in warehouses 1, 2, and 3. Approximately 89% of the
samples stored in warehouse 1 had less than 15 ng/g
aflatoxin, and 11% had between 15 and 300 ng/g aflatoxin.
Only 72% of the samples stored in warehouse 2 had less than
15 ng/g, and 28% had aflatoxin concentration between 15 and
300 ng/g. Eighty-three percent of the samples stored in
warehouse 3 had 15 ng/g or less aflatoxin. No samples stored
in warehouses 1, 2, or 3 had aflatoxin in excess of 300 ng/g.
Based on outgoing quality standards, all the peanuts in
warehouses 1, 2, and 3 could have been processed sufficiently
to remove the aflatoxin-contaminated peanuts and used in the
edible market. However, 11% of the samples stored in
warehouse 4 had an aflatoxin concentration in excess of
300 ng/g. The increase in median aflatoxin levels to 162 ng/g
in warehouse 4 was significant (P < 0.05). No other
significant differences were found (table 3).

At least 90% of the 2003 crop year samples from all four
warehouses had 1 ng/g aflatoxin or less. Warehouse 1 was the
only warehouse that had one sample with 52 ng/g aflatoxin.
All remaining samples had less than 15 ng/g aflatoxin. A
Kruskal-Wallis one-way analysis of variance on ranks
showed no significant difference in the median aflatoxin
levels from the 2003 crop. Based on these data, all 2003 crop
peanuts stored in warehouses 2, 3, and 4 could be used for the
edible market with no additional processing. Approximately
8% of the peanuts from warehouse 1 would have needed
additional processing to meet the outgoing quality standards.

Based on low levels of aflatoxin in the 2002 pre-storage
samples, it is assumed that toxigenic molds were present in
the peanuts prior to storage. During storage, moisture and
temperature conditions reached levels conducive to aflatoxin
production. The lower levels of aflatoxin in warehouses 1, 2,
and 3 indicate that temperature and moisture conditions were
at dangerous levels for a shorter period of time in the aerated
warehouses.

STORAGE ENVIRONMENT
Ambient temperatures were similar during both storage

seasons (table 4). The average ambient temperature during
the 2002 storage season was 13.6°C, compared to 16.5°C for
the 2003 season. The average peanut temperatures were
about the same for all warehouses during both storage
seasons and averaged approximately 14°C. The standard
deviation of the peanut temperatures was approximately the

Table 4. Summary of ambient and average peanut temperatures
during the storage periods for the 2002 and 2003 crops.

Ambient
Temp. (°C)

Warehouse Temperature (°C)

1 2 3 4

2002 Average 13.6 13.5 14.2 13.8 13.8
Std. Dev. 7.8 5.7 5.4 5.3 5.6
Maximum 33.3 31.7 32.0 30.8 30.6
Minimum −10.6 −0.1 2.1 1.3 0.7

2003 Average 16.5 13.6 14.2 14.4 13.1
Std. Dev. 8.0 4.8 4.7 4.6 5.3
Maximum 35.8 30.3 34.0 28.7 28.7
Minimum −2.9 7.4 6.2 8.6 5.8

same in all four warehouses, with the standard deviation be-
ing slightly higher for the 2002 season.

Headspace ventilation systems rely on differences in air
density and temperature of the air in the headspace and the
peanut mass to cool the bulk and remove excess moisture. In
these small scale models, headspace ventilation would cool
the mass more quickly than in commercial operations where
peanut depths are approximately 14 m compared to 1.5 m in
the models.

After loading the first layer of peanuts into the warehouse,
the aeration fans helped reduce the maximum peanut
temperature during the first three days of storage (fig. 3). The
maximum observed temperature in warehouses 1 and 2 was
lower than the maximum temperature observed in ware-
house 3. The maximum peanut temperature of approximate-
ly 47°C in layer 1 during the first five days appeared in
warehouse 4. The maximum temperature in warehouse 1 was
35°C. This difference was expected because the fan for the
headspace ventilation system is located at the peak of the
gable end of the warehouse, drawing air in the opposite gable
and traveling near the ridge of the building. Prior to
mid-afternoon on 19 September 2002, the maximum temper-
ature difference among the warehouses was less than 3°C.
During the first five days of storage, the minimum tempera-
ture appeared to be about the same for all aeration treatments.
During the second five days of storage, the maximum
temperatures of layer 1 were all about the same (fig. 4). Less
than 1°C difference in temperature was observed among
warehouses.

Figure 3. Peanut temperature on the floor of the warehouses during the
first five days of storage of the 2002 crop.
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Figure 4. Temperature of first layer of peanuts during days 5 to 10 of stor-
age period of the 2002 crop.

During the fourth week of storage, approximately two
weeks after loading was completed (table 2), the top layer of
peanuts in warehouse 1 appeared to have a consistently
higher temperature than the other warehouses (fig. 5). The
warehouse with both aeration and ventilation, warehouse 3,
tended to have the most consistent temperature in the top
layer.

During the fourth week of storage, the temperature
difference between the top and bottom layers of the
warehouses ranged from the top being 9°C warmer than the
bottom to the top being about 3°C cooler than the bottom.
Warehouse 1, with downdraft aeration, and warehouse 4,
with only headspace ventilation, tended to have the smallest
temperature gradient from top to bottom. The average
temperature differences (top minus bottom) for warehouses 1
through 4 were 0.1°C, 0.9°C, −0.8°C, and 0.2°C, respective-
ly (fig. 6). However, the temperature difference varied most
in warehouse 1, as indicated by the standard deviation of
3.2°C. The standard deviations of the temperature difference
for warehouses 2, 3, and 4 were 2.0°C, 1.6°C, and 2.6°C,
respectively. Similar trends were noted during the 14th week
of storage from 1 to 8 December 2002 (fig. 7). However, the
top layer of the peanut pile tended to be cooler than the floor

Figure 5. Peanut temperatures of the top layer in model warehouses dur-
ing the fourth week of storage of the 2002 crop.

Figure 6. Temperature difference between top and bottom layers (top mi-
nus bottom) of peanuts in model warehouses during week 4 of storage of
the 2002 crop.

layer most of the time in all four warehouses. The tempera-
ture difference between the top and bottom layers averaged
−3.0°C, −2.0°C, −3.1°C, and −3.3°C for warehouses 1 to 4,
respectively. Warehouses 2 and 3 had the smallest standard
deviation of 2.2°C and 2.3°C, respectively. The standard
deviation was 3.3°C in warehouses 1 and 4.

Over the entire storage period, the difference between the
top and bottom layer temperatures averaged slightly less than
zero for all for warehouses. The temperature differences
varied from −9° to 11°C for all four warehouses. Ware-
houses 2 and 3 had the smallest season-long standard
deviations (3.3° and 3.2°C, respectively). The standard
deviations for the temperature differences in warehouses 1
and 4 were 3.8° and 4.0°C, respectively.

Peanuts from the 2003 crop stored in warehouse 2 cooled
most rapidly during the first eight days of storage (fig. 8). The
temperature at the center of the peanut mass decreased
approximately  5°C during the first 12 h of storage. Peanuts
stored in warehouse 3 with the combined aeration/ventilation
system also cooled fairly rapidly compared to those stored in
warehouses 1 and 4. Peanut temperature decreased approxi-
mately 2°C during the first 12 h of storage in warehouse 3.

Figure 7. Temperature difference between top and bottom layers (top mi-
nus bottom) of peanuts stored in model warehouses during week 14 of
storage of the 2002 crop.
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Figure 8. Temperature at the center of the peanut mass during the first
eight days of storage for the 2003 crop.

The temperature at the center of the peanut mass in ware-
houses 1 and 4 remained the same or increased slightly during
the first 36 h of storage before beginning to cool. After eight
days, the peanut temperature was approximately 20°C in all
four warehouses. The season-long average temperature was
approximately  the same for all four warehouses during the
2003 storage period.

On average, very little difference in the storage environ-
ments could be seen in the aeration/ventilation regimes used
in this study. The warehouses with at least some aeration
tended to cool the core of the peanut mass more quickly than
the warehouse without aeration. In commercial warehouses,
removing the excess heat and moisture is essential for
minimizing the time that conditions are favorable for the
production of aflatoxin. In this study, the only warehouse that
had a significant increase in aflatoxin was the warehouse with
only headspace ventilation. The temperature data in this
study indicated that downward aeration may require more
airflow to decrease the temperature gradients from the upper
to the lower layers. The data also indicated that a single
tunnel down the middle of the warehouse may be adequate
for the initial cool-down of the peanuts in a commercial
warehouse. Many commercial warehouses are loaded using
an overhead conveyor in the ridge of the building. Loading
the warehouse by layering the peanuts from end to end is the
recommended practice (APSA, 2005) and facilitates cover-
ing an aeration duct down the center of the warehouse. As
soon as the duct is covered, the aeration fan can be operated
and cooling can begin. Therefore, in commercial practice,
retrofitting an existing warehouse with a single aeration duct
would be practical and beneficial.

SUMMARY AND CONCLUSION
A two-year study was conducted in which farmer stock

peanuts were stored in 1/10th scale model warehouses with
various aeration and ventilation treatments. Peanuts were
loaded into each warehouse in the fall and stored for about
190 days. Peanuts stored with aeration, generally cooled
faster than those stored without aeration. While storing
peanuts from the 2002 crop, aflatoxin increased significantly
in the warehouse without aeration. However, aflatoxin
contamination  was not a factor in the 2003 storage season.

Value change based on kernel size distribution was not
significantly affected by aeration. Aeration minimized the
production of aflatoxin in the year that aflatoxin was detected
in the initial samples. An aeration rate of 0.31 m3 min−1 t−1

was sufficient for proper aeration when used without
headspace ventilation. The reduced aeration rate of 0.10 m3

min−1 t−1 in conjunction with headspace ventilation cooled
the center of the peanut mass sufficiently to reduce the risk
of aflatoxin production in storage. Headspace ventilation
with aeration reduced the temperature difference between the
top and bottom layers of peanut during storage.

Based on this research, aeration systems reduced the risk
of aflatoxin production in farmer stock warehouses. Deliver-
ing 0.10 m3 min−1 t−1 through a duct down the center of the
warehouse appeared to be as beneficial in reducing the risk
of aflatoxin contamination during storage as fully aerating at
a rate of 0.31 m3 min−1 t−1. This would make retrofitting
existing warehouses more practical, especially if installing
the aeration duct in the current concrete floor. Further
research is needed with more detailed temperature measure-
ments to determine the differences in pressure and suction
aeration systems in farmer stock peanuts.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the technical support
provided by the NPRL staff, including Amy Andrews for
sample evaluation; Milbra Schweikert for aflatoxin analyses;
Larry Powell, Gordon Bonner, John Gardner, and William
Pearce for loading and unloading the warehouses; and Larry
Dettore for fabrication and installation of aeration equip-
ment. The authors especially appreciate the efforts of Manuel
Hall in installing and maintaining the instrumentation and
controls according to the test protocol throughout the study.
Partial funding was provided by the American Peanut
Shellers Association and its members.

REFERENCES
APSA. 2005. Handling and storage of farmer stock peanuts.

Albany, Ga.: American Peanut Shellers Association. Available
at: www.peanut-shellers.org/. Accessed 21 December 2005.

ASAE Standards. 2002. D245.5: Moisture relationships of
plant-based agricultural products. St. Joseph, Mich.: ASAE.

Arthur, F. H. 1995. Development of aeration plans based on weather
data: A model for management of corn stored in Georgia.
American Ent. 41(4): 241-246.

Blankenship, P. D., G. M. Grice, C. L. Butts, M. C. Lamb, T. H.
Sanders, B. W. Horn, and J. W. Dorner. 2000. Effects of storage
environment on farmers stock peanut grade factors in an aerated
warehouse in west Texas. Peanut Sci. 27(2): 56-63.

Butts, C. L., and J. S. Smith, Jr. 1994. Maintaining peanut quality
during storage with automatic ventilation controls. ASAE Paper
No. 946516. St. Joseph, Mich.: ASAE.

Butts, C. L., and J. S. Smith, Jr. 1995. Shrinkage of farmers stock
peanuts during storage. Peanut Sci. 22(1): 33-41.

Culbreath, A., J. Todd, S. L. Brown, R. Weeks, J. A. Baldwin, J. P.
Beasley, Jr., D. Gorbet, R. C. Kemerait, Jr., and E. Prostko.
2005. Spotted wilt eradication action team: There is something
you can do about spotted wilt in peanuts. Athens, Ga.:
University of Georgia. Available at:
http://sacs.cpes.peachnet.edu/spotwilt/. Accessed 29 April 2005.

Davidson, J. I., Jr., and F. P. McIntosh. 1973. Development of a
small laboratory sheller for determining peanut milling quality.
J. American Peanut Res. Educ. Assoc. 5(1): 95-108.



465Vol. 49(2): 457−465

Davidson, J. I., Jr., T. B. Whitaker, and J. W. Dickens. 1982.
Grading, cleaning, storage, shelling, and marketing of peanuts in
the United States. In Peanut Science and Technology, 571-623.
H. E. Pattee and C. T. Young, eds. Stillwater, Okla.: American
Peanut Research and Education Society.

Diener, U. L., R. E. Pettit, and R. J. Cole. 1982. Aflatoxins and
other mycotoxins in peanuts. In Peanut Science and Technology,
486-519. H. E. Pattee and C. T. Young, eds. Stillwater, Okla.:
American Peanut Research and Education Society.

Dowell, F. E., C. L. Butts, and J. J. S. Smith. 1993. Effect of drying
and storage on individual peanut kernel moisture contents.
ASAE Paper No. 936545. St. Joseph, Mich.: ASAE.

Henning, R. J., A. H. Allison, and L. D. Tripp. 1982. Cultural
practices. In Peanut Science and Technology, 123-138. H. E.
Pattee and C. T. Young, eds. Stillwater, Okla.: American Peanut
Research and Education Society.

Lamb, M. C., and D. A. Sternitzke. 2001. Cost of aflatoxin to the
farmer, buying point, and sheller segments of the southeast
United States peanut industry. Peanut Sci. 28(2): 59-63.

Loewer, O. J., T. C. Bridges, and R. A. Bucklin. 1994. On-farm
storage. In On-Farm Drying and Storage Systems, 171-225. St.
Joseph, Mich.: ASAE.

Smith, J. S., Jr., and J. I. Davidson, Jr. 1984. Cooling a peanut
warehouse with aeration and/or mechanical ventilation. Proc.
American Peanut Res. Educ. Soc. 16(1): 43.

Smith, J. S., Jr., T. H. Sanders, and K. L. Crippen. 1989. Storability
of farmers stock peanuts at two moisture levels in mechanically
and naturally ventilated miniature warehouses. Peanut Sci.
16(1): 58-62.

Smith, J. S., Jr., P. D. Blankenship, and F. P. McIntosh. 1995.
Advances in peanut handling, shelling, and storage from farmer
stock to processing. In Advances In Peanut Science and
Technology, 500-527. H. E. Pattee and H. T. Stalker, eds.
Stillwater, Okla.: American Peanut Research and Education
Association.

Sobolev, V. S., and J. W. Dorner. 2002. Cleanup procedure for
determination of aflatoxins in major agricultural commodities by
liquid chromatography. J. AOAC Int. 85(3): 642-645.

USDA. 2000. Farmers stock peanuts inspectors instructions.
Washington, D.C.: USDA Agricultural Marketing Service.

USDA. 2005. Title 7: Part 996 − Minimum quality and handling
standards for domestic and imported peanuts marketed in the
United States (67e-CFR 57140). Washington, D.C.: Code of
Federal Regulations. Available at: http://ecfr.gpoaccess.gov/.
Accessed 20 December 2005.

Wilcut, M. H., W. D. Mayfield, and T. D. Valco. 2004. Cottonseed
storage. Cary, N.C.: Cotton, Inc. Available at:
www.cottoninc.com/. Accessed 2 November 2004.



466 TRANSACTIONS OF THE ASABE


